Introduction: For functional and structural restoration of bone deficiencies, various resorbable and nonresorbable alloplastic materials have been introduced, including metals, polymers and ceramics. However, an "optimal" artificial replacement for craniofacial bone has not been found yet and the search for improved reconstruction methods and alternative materials is going on. To assess and compare biocompatibility and osseointegration of these materials, adequate animal test models are indispensable. Methods: In a rabbit cranial defect model, biocompatibility and osseointegration of polymeric and composite bone replacement materials were evaluated at different time points after implantation. Calvaria including implants and surrounding tissue were explanted and embedded in methacrylate resin. The samples were scanned with a nanotom® (phoenix|x-ray) µCT scanner and proceeded for histological examination by sawing-grinding technique. Avizo® Fire (vsg) software was used for visualisation and processing of µCT data. Qualitative and morphometric evaluation of osseointegration and fibrous encapsulation was performed on undecalcified histologic preparations of the explants, and on 3D reconstructions plus virtual slices derived from corresponding 3D µCT datasets. Results: The obtained 3D µCT data enabled a comprehensive qualitative and quantitative assessment of osseointegration and biodegradation of radioopaque composite implants. Prerequisite for visualization and discrimination of materials by µCT is a significant difference of their hounsfield values. Due to this limitation, radiolucent polymeric implant materials and soft tissue could not be distinguished from embedding resin. In contrast, histologic preparations of undecalcified hard tissue and implant materials enabled detailed visualization and examination of all tissues and implant materials. The substantial disadvantage of hard tissue histology was the inevitable loss of information due to small number of slices and large gaps between specimens yielded by this method. Conclusion: To obtain comprehensive and quantifiable information about biodegradation, biocompatibility and osseointegration of alloplastic bone replacement materials, µCT scans as well as histologic evaluation should be performed.
Introduction
For functional and structural restoration of bone deficiencies in the skull, various resorbable and nonresorbable alloplastic materials have been introduced, including metals, polymers, ceramics and composites (Sanan and Haines 1997) . However, an "optimal" artificial replacement for craniofacial bone has not been found yet and the search for improved reconstruction methods and alternative materials is going on (Engstrand 2012) . To assess and compare biocompatibility and osseointegration of these materials, adequate animal test models are indispensable. To answer these needs, in Jena University Hospital an animal model had been developed and established by the Biomaterials Lab of the Department of Othorhinolaryngology. The "Jenaer Schädelmodell" (Jena Skull Model), intended for evaluation of bone replacement materials, is used in particular for applications in calvarial parts of the skull. It provides significant information about osseointegration of implants, biodegradation, foreign body response and effects on nervous tissue (Schneider et al. 2010, Voigt and Schneider 2009 ).
In the ongoing efforts to obtain an optimum of significant information by means of this animal model, computer assisted quantitative analyses and modern imaging methods like high resolution computed tomography (µCT) (Robinson et al. 2005 , Ritman 2004 , Ritman 2011 have the potential to become essential complements to well established "classic" methods like histologic analyses of undecalcified hard tissue (Donath and Breuner 1982) .
Methods
Biocompatibility and osseointegration of a composite bone replacement material were evaluated in a rabbit skull model for calvarial defects (Schneider et al. 2010, Voigt and Schneider 2009 (Donath and Breuner 1982) . Prior to histological proceeding, resin embedded specimen explanted after nine months implantation time were scanned with a nanotom ® µCT scanner (phoenix|x-ray, GE-Sensing & Inspection Technologies GmbH, Germany) at a resolution of 14 µm per voxel. For visualisation and processing of 3D µCT data, Avizo ® -Fire 3D visualisation software (vsg -Visualization Sciences Group, France) was used. Microscopic images of undecalcified histologic preparations and 3D reconstructions as well as series of virtual slices derived from corresponding µCT datasets were used for qualitative and quantitative evaluation of osseointegration and fibrous encapsulation. 
Results
In the present animal study, all implanted materials were well tolerated by the surrounding tissue showing good biocompatibility and osseointegration. In contrast to the composite and polymer implants, the microporous TCP implants had undergone significant biodegradation which was not complete yet after an implantation period of 9 months. Composite and polymer implants were showing fibrous encapsulation, which was diminishing over the tested time period, enabling an increasing ratio of direct bone-to-implant contact (BIC). In direct comparison to pure polymer, composite implants showed thinner layers of fibroconnective tissue at the bone-implant interface indicating lower intensity of foreign body response, and gradually enhanced osseointegration with higher BIC ratios.
The evaluation approaches used in this study, hard tissue histology (image 1) and µCT scans (image 2), enabled to assess biocompatibility, osseointegration and biodegradation of implant materials. Unlike the µCT-scans, the sawing-grinding technique for microscopic preparations of undecalcified hard tissue is a destructive method. A second fundamental disadvantage and inherent limitation of this preparation method is the inevitable loss of information due to large gaps (approx. 500 µm) between histologic sections, resulting in limited number of sections yielded by this method.
Image 2 a,b,c µCT scan of explanted rabbit calvaria with implants in trepanation defects; surface and virtual slices Like in other animal models for evaluation of implants in contact to bone (Draenert et al.) , it turned out to be advantageous to gain complementary information by an adequate three-dimensional imaging technique. µCT scans were evaluated as being suitable, providing comprehensive three-dimensional information about bone apposition to implant surface and about topographical orientation of histologic sections gained by sawing-grinding technique.
Prerequisite for the use of µCT scans in three-dimensional evaluation of osseointegration is the distinction of implants from bone by segmentation of the µCT dataset volume. If the scanned materials have significantly different radiodensities, discrimination can be performed efficiently by the automatic or semi-automatic segmentation algorithms provided by 3D visualisation applications. This approach is for example applicable to distinct bone from metallic implant materials like titanium alloys (Sarve et al. 2011) .
Composite implants evaluated in the present study and the adjacent bone turned out to have very similar radiodensities. Under this precondition, distinction of implant and bone by three-dimensional segmentation would be difficult and extremely laborious, rendering a three-dimensional evaluation via segmentation of 3D data very inefficient. For this reason, alternative methods were employed to gain detailed information about osseointegration of composite implants from µCT datasets. To generate defined series of virtual slices from 3D datasets, an algorithm was devised and implemented in Avizo ® -Fire 3D visualisation software. Single virtual slices as well as comprehensive sets of virtual slices were generated from µCT scans and further evaluated in parallel with images of the corresponding histologic preparations. In addition to qualitative evaluations, an important objective was to establish methods for morphometric analysis of both microscopic images gained via hard tissue histology and virtual slices derived from µCT scans. A dedicated software application was developed to enable an efficient quantitative evaluation of explanted specimens of the in-vivo model. The software supports structured and ergonomic input of data concerning experimental setup. It enables accurate and detailed measurement of both boneimplant distances and thickness of fibrous tissue layers in the gaps between bone and implants. Output data are stored in a standardised format to enable consistent processing with statistics software and database applications.
Conclusion
In animal implantation models like the "Jenaer Schädel-modell", it is recommended to perform µCT scans as well as histologic evaluations to obtain comprehensive and quantifiable information about biodegradation, biocompatibility and osseointegration of alloplastic bone replacement materials.
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